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(54) Secondary battery charge and discharge control device 

(57) The charge and discharge are performed by a 
proper electric power corresponding to the service envi- 
ronment of a battery and the state of the battery. When 
the temperature of the battery is not more than a speci- 
fied temperature, or not less than another specified tem- 
perature, the upper limit value Pin-s of the charging 
electric power and the upper limit value Pout-s of the 
discharging electric power are determined so as to be 
smaller than those at a normal temperature. The tem- 
perature of the battery is detected, and the charging 
electric power and the discharging electric power are 
determined so that they may be not more than the upper 
limit values Pin-s, Pout-s of the charging and the dis- 
charging electric power at this temperature, and the ' 
charge control of the battery is performed. 




Fig. 2 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to the control of 
charge and discharge of a secondary battery, and more 
especially to the control of charge and discharge by 
which the electric power of charge and discharge is lim- 
ited on the basis of the environment where a secondary 
battery is positioned and the state of the secondary bat- 
tery. 

DESCRIPTION OF THE RELATED ART 

[0002] An electric vehicle (including a hybrid electric 
vehicle) obtaining the total or a part of the driving force 
of the vehicle by an electric motor, has a secondary bat- 
tery (hereafter, referred to simply as a battery) mounted 
on the vehicle, and by the electric power accumulated in 
this battery, said electric motor is driven. Regenerative 
braking is a characteristic function in such an electric 
vehicle. In regenerative braking, during vehicle braking, 
the kinetic energy of the vehicle is transformed into the 
electric energy by making said electric motor function as 
an electricity generator. The obtained electric energy is 
accumulated in the battery and is reused for accelera- 
tion or other vehicle needs. Accordingly, with regenera- 
tive braking, it is possible to reuse energy is nomally 
radiated into the atmosphere as thermal energy in a 
conventional automobile which runs by an internal com- 
bustion engine alone, and the efficiency of the energy 
can considerably be improved. 
[0003] Here, in order to effectively accumulate the 
electric power generated during regenerative braking in 
a battery, it is necessary for the battery to have a corre- 
sponding margin of capacity. Furthermore, in a type of 
hybrid electric vehicle in which the generator is driven 
by the heat engine mounted on the vehicle and gener- 
ates the electric power and this electric power can be 
accumulated in a battery, the electric power accumu- 
lated in the battery, that is, the charge level can freely be 
controlled. Consequently, in such a hybrid electric vehi- 
cle, it is desirable that the charge level of a battery be 
controlled such that the charge level is approximately in 
the middle state (50 ~ 60%) between the state of full 
charge (100%) and the state of no charge (0%), so that 
the regenerative power may be received, and so that the 
electric power may be supplied to the electric motor 
immediately if a request is made. 
[0004] A battery mounted on an electric vehicle may 
operate in various service environments. When such a 
battery is used in a cold area, it is considered that in 
some cases, the battery is used in an environment at a 
temperature of — 10°C or less, or sometimes at a tem- 
perature of — 20°C or less. Furthermore, use at high 
temperatures, the raising of battery temperature by 



operation of the battery, and use in an environment 
where the temperature 40°C remains above, must all be 
considered. When a battery is used in such severe envi- 
ronments, a control corresponding to the characteristics 
s of the battery is necessary. Especially, at a low temper- 
ature, there is such a problem that the rate of the chem- 
ical reaction in a battery is lowered, and therefore, the 
voltage is lowered when a large current is allowed to 
flow, so that a necessary voltage cannot be obtained. 
w Furthermore, at a high temperature, there is such a 
problem that the degradation of a battery is accelerated. 
In Japanese Patent Laid-open Publication No. Hei 7- 
67209, a technique by which the voltage of charge is 
controlled according to the temperature of the electro- 
is lytic solution of the battery, is disclosed. 

[0005] However, even if the control of the voltage of 
charge is performed as shown by the technique 
described in the above publication, that control alone 
cannot sufficiently restrain the degradation of a battery 
20 at a high temperature. Furthermore, in the above publi- 
cation, it is not recognized that a heavy current should 
not be allowed to flow at a low temperature. Especially, 
if the control of the charging voltage is alone performed, 
the control of the electric power of discharge cannot be 
25 performed. 

[0006] Furthermore, in a case where the charge level 
of a battery is low, it is necessary to limit the discharge 
so that the charge level may not become 0%. On the 
contrary, in a case where the charge level is high, it is 
30 necessary to control the charge so that the charge level 
may not exceed 100%. 

SUMMARY OF THE INVENTION 

35 [0007] The present invention is made to solve the 
above mentioned problems, and has an object of pro- 
viding a secondary battery charge and discharge con- 
trol device by which a proper control of charge and 
discharge can be performed according to the service 

40 environment of a battery and the state of the battery. 
[0008] In order to solve the above mentioned prob- 
lems, the secondary battery charge and discharge con- 
troller according to the present invention comprises a 
temperature detector for detecting the temperature of 

45 the secondary battery, and a limiter for controlling the 
charging and the discharging electric power so that the 
detected temperature may not exceed a first previously 
determined upper limit value of the charging and the 
discharging electric power which changes according to 

so the temperature, in the case where said detected tem- 
perature is a first specified temperature or less. Conse- 
quently, it is possible to restrain the flowing of a heavy 
current in an environment at a low temperature, and to 
prevent the terminal voltage of a battery from lowering. 

55 [0009] Furthermore, another secondary battery 
charge and discharge controller according to the 
present invention comprises a temperature detector for 
detecting the temperature of the secondary battery, and 
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a limrter for controlling the charging and the discharging 
electric power so that said detected temperature may 
not exceed a previously determined upper limit value of 
the charging and the discharging electric power which 
changes according to the temperature, in the case 5 
where said detected temperature is a specified temper- 
ature or more. Consequently, it is possible to prevent the 
temperature of the battery from further rising, and to 
avoid the degradation of the battery when the tempera- 
ture of the battery becomes high. y 0 
[0010] Still further, to the secondary battery charge 
controller, a charge level detector for detecting the 
charge level of the secondary battery is provided, and 
the limiter controls the charging and the discharging 
electric power so that it may not exceed the upper limit is 
value which is lowest among the previously determined 
upper limit value of the charging and the discharging 
electric power of changing according to the charge 
level, and the upper limit value based on said tempera- 
ture. Consequently, when the charge level approaches 20 
100%, the charging electric power is restrained, so that 
the charge level may be prevented from being extremely 
increased. On the other hand, when the charge level 
approaches 0%, the electric power of discharge is 
restrained, so that the charge level may be prevented 25 
from being extremely decreased. 
[0011] Furthermore, another secondary battery 
charge and discharge controller according to the 
present invention comprises a temperature detector for 
detecting the temperature of a secondary battery; a 30 
charge level detector for detecting the charge level of 
the secondary battery; and a charge and discharge 
electric power limiter which corresponds to said 
detected temperature and said detected charge level, 
and controls the charging and the discharging electric 35 
power so that it may not exceed a previously deter- 
mined upper limit value of the charging and the dis- 
charging electric power. 

[0012] Furthermore, it can be arranged that any one 
of the above mentioned charge and discharge control 40 
devices is mounted on a hybrid electric vehicle which 
has a heat engine and an electric motor as driving 
sources and in which the secondary battery is charged 
with at least either the electric power generated by a 
part of the output of the heat engine or the regenerative 45 
electric power during the braking, and by this charge 
and discharge device, the control of the secondary bat- 
tery mounted on the hybrid electric vehicle, is per- 
formed. Not only hybrid electric vehicles but all types of 
vehicles are commonly used in environments of various so 
temperatures, and further, as a vehicle is a movable 
body, it is difficult to control battery temperature through 
use of a heating device, cooling device, or the like for 
making the temperature of a battery constant. By using 
the secondary battery charge and discharge control 55 
device of the present invention, a hybrid electric vehicle 
which has a high environmental adaptability can be pro- 
vided. 



BRIEF DESCRIPTION OF THE DRAWING(S) 
[0013] 

Fig. 1 is a figure showing the rough arrangement of 

a driving system of a hybrid electric vehicle; 

Fig. 2 is a figure showing the rough arrangement of 

an embodiment of the present invention; 

Fig. 3 is a figure showing the upper limit value of the 

electric power of charge and discharge relative to 

the temperature of a battery; 

Fig. 4 is a figure showing the upper limit value of the 

electric power of charge and discharge relative to 

the charge level of the battery; and 

Figs. 5A and 5B are figures showing the upper limit 

value of the electric power of charge and discharge 

relative to the temperature of the battery and the 

charge level. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0014] An preferred embodiment of the present inven- 
tion (hereafter, referred to simply as the embodiment) 
will be described below with reference to the drawings. 
In Fig. 1 , a rough figure of a power plant of a vehicle to 
which a charge control device of the present invention is 
mounted, is shown. To an output shaft 12 of an engine 
10, a planetary carrier 20 supporting a planetary gear 
18 of a planetary gear mechanism 16 is connected 
through a torsional damper 14. A sun gear 22 and a ring 
gear 24 of the planetary gear mechanism 16 are 
respectively connected to rotors 30, 32 of a first motor 
generator 26 and a second motor generator 28. The first 
and second motor generators 26, 28 function as a 
three-phase alternating current generator or a three- 
phase alternating current motor. To the ring gear 24, a 
power take-out gear 34 is further connected. The power 
take-out gear 34 is connected to a differential gear 40 
through a chain 36 and a gear train 38. On the output 
side of the differential gear 40, a drive shaft 42 at the tip 
of which a driving wheel (not shown in the figure) is 
joined, is connected. By the above mentioned arrange- 
ment, the output of the engine 1 0 or the first and second 
motor generators 26, 28 is transmitted to the driving 
wheel, to drive the vehicle. 

[0015] In the engine 10, the output power, the rota- 
tional speed, and the like thereof are controlled by an 
engine ECU 46 on the basis of the manipulated variable 
of an accelerator pedal 44, the environmental condi- 
tions such as cooling water temperature or intake mani- 
fold pressure, and further, the operational states of the 
first and second motor generators 26. 28. Furthermore, 
the first and second motor generators 26, 28 are con- 
trolled by a control device 48. The control device 48 
includes a battery 50 (secondary battery) which sup- 
plies the electric power to two motor generators 26, 28 
and receives the electric power from them. In the 
present embodiment, the battery 50 is a nickel hydro- 
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gen battery. The exchanges of the electric power 
between the battery 50 and Ihe first and second motor 
generators 26, 28 are respectively performed through a 
first inverter 52 and a second inverter 54. The control of 
two inverters 52, 54 is performed by a control CPU 56, 
based on information of the operational state of the 
engine 10 from the engine ECU 46, the extent of opera- 
tion of the accelerator pedal 44, the extent of operation 
of a brake pedal 58, the shift range determined by a shift 
lever 60, the state of charge of the battery, and further, 
the rotational angle es of the sun gear, the rotational 
angle 6 c of the planetary carrier, and the rotational 
angle 0r of the ring gear of the planetary gear mecha- 
nism 16, and the like. Furthermore, the rotational angles 
of three components of said planetary gear mechanism 
16 are respectively detected by a planetary carrier 
resolver 62, a sun gear resoiver 64, and a ring gear 
resolver 66. The electric power accumulated in the bat- 
tery, that is, the charge level is calculated by a battery 
ECU 68. The control CPU 56 controls transistors Tr1 ~ 
Tr6, Tr1 1 ~ Tr16 of the first and second inverters 52, 54 
on the basis of the above mentioned various conditions 
and the u phase and v phase electric currents lul, Iv1, 
Iu2, Iv2 of the first and second motor generators 26, 28, 
and further, the electric currents L1 , L2 supplied from or 
supplied to the battery or the inverter on the other side, 
and the like. 

[0016] The rotational speed Ns of the sun gear, the 
rotational speed Nc of the planetary carrier, and the 
rotational speed Nr of the ring gear of the planetary gear 
mechanism 16 are related as shown by the following 
expression: 

Ns * Nr — (Nr — Nc) (1 + p) /p (1) 

where p is the gear ratio between the sun gear and the 
ring gear. 

[001 7] That is, if two of the three rotational speeds Ns, 
Nc, Nr are known, the remaining rotational speed can 
be determined. The rotational speed Nr of the ring gear 
is determined by the speed of the vehicle and, therefore, 
if either rotational speed of the rotational speed Nc of 
the planetary carrier, that is, the speed of the engine, or 
the rotational speed Ns of the sun gear, that is, the rota- 
tional speed of the first motor generator, is found, the 
other may be determined. Then, the field currents of the 
first and second motor generators 26, 28 are controlled 
according to the rotational speeds at that time, and 
whether these motor generators shall be operated as a 
generator or operated as a motor, is determined. If two 
motor generators 26, 28 consume the electric power as 
a whole, the electric power is brought out from the bat- 
tery 50, and if they generate electricity as a whole, the 
battery 50 is charged. For example, when a decreasing 
charge level of the battery 50 is detected by the battery 
ECU 68, power generation may be performed by either 
or both of the two motor generators 26, 28 by using a 
part of the torque generated by the engine 10, and the 



charge to the battery 50 is performed. Furthermore, 
when the charge level of the battery 50 is increased, the 
output power of the engine 10 is a little restrained, and 
the second motor generator 28 is operated as a motor, 

5 and the torque generated by this is controlled so as to 
be used for the running of the vehicle. Furthermore, dur- 
ing the braking, either or both of the two motor genera- 
tors 26, 28 are operated as generators, and the 
generated electric power is accumulated in the battery 

10 50. 

[0018] Since it is difficult to predict when the braking 
of an automobile will be performed, it is desirable that 
the battery 50 be in a state where the electric power 
generated by the regenerative braking can sufficiently 
is be received. On the other hand, the battery 50 must be 
able to ensure a certain charge level for operating the 
second motor generator 28 as a motor when the output 
power of the engine 10 alone cannot achieve an accel- 
eration desired by the driver. In order to fulfill this condi- 
tion, the charge level of the battery 50 is controlled so as 
to be approximately one half of the battery capacity, that 
is, the maximum electric power which can be accumu- 
lated in the battery. In the present embodiment, the con- 
trol is performed so that the charge level may be 
approximately 60%. 

[001 9] Especially, for a hybrid electric vehicle in which 
a battery can be charged by generating electricity with 
the output power of an engine, by properly controlling 
the charge level of a battery, the regenerative electric 
power during braking is sufficiently recovered and the 
energy efficiency is raised, and further, during accelera- 
tion, a desired acceleration can be achieved. In other 
words, in the case of the above mentioned hybrid elec- 
tric vehicle, in order to raise the energy efficiency and in 
order to obtain a desired acceleration and the like, it is 
necessary to properly control the charge level of a bat- 
tery. 

[0020] In Fig. 2, the rough arrangement of a battery 
charge circuit and a charge and discharge control 
device of the present embodiment is shown. In Fig. 2, 
components corresponding to those in Fig. 1 are given 
the same reference members. The battery 50 is a bat- 
tery assembly having a plurality of cells arranged in 
series as shown in the figure, and is connected to motor 
generators 26, 28 through inverters 52, 54. Further- 
more, a voltage sensor 70 for detecting the terminal 
voltage of the battery 50 and a current sensor 72 for 
detecting the current flowing in the battery 50 are pro- 
vided. Moreover, at a plurality of positions of the battery 
50, temperature sensors 74 for detecting the tempera- 
ture of the battery are provided. Temperature sensors 
74 are provided at a plurality of positions because the 
temperature of the battery 50 differs depending on loca- 
tion. The outputs of the voltage sensor 70, the current 
sensor 72, and the temperature sensors 74 are sent to 
the battery ECU 68. In the battery ECU 68, the charge 
level of the battery is calculated on the basis of the 
obtained voltage and current, and further, information 
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relating to the temperature is sent out to the control 
CPU 56. The control CPU 56 integrates the data sent 
from the battery ECU 68 and the above mentioned var- 
ious types of data, determines the operational states of 
the motor generators 26. 28, and performs the control of 5 
the inverters 52, 54 according thereto. Accordingly, the 
temperature sensor 74 functions as a temperature 
detecting means, and the voltage sensor 70, the current 
sensor 72. and the battery ECU 68 function as charge 
level detecting means or charge level detectors. 10 
[0021} The calculation ol the charge level of a battery 
is performed as follows. In a nickel hydrogen battery 
used in the present embodiment, the measurable phys- 
ical parameters such as the terminal voltage changes 
little in the range where the charge level is from 20% to is 
80% of the total capacity. Therefore, in the range where 
the charge level is 20% - 80%, the charge level is esti- 
mated by integrating the currents which have flowed by 
that time. Furthermore, in the range where the charge 
level is not more than 20% or not less than 80%. a map 20 
to show the charge level corresponding to the current 
and the voltage at that time, has previously been stored, 
and the charge level is calculated by collating the 
detected current and voltage with the map. 
[0022] The control CPU 56 determines the upper limit 25 
value of the charging and the discharging electric power 
on the basis of the detected temperature of the battery. 
In Fig. 3. the upper limit value Pout-s of the discharging 
electric power and the upper limit value Pin-s of the 
charging electric power, which are determined by tern- 30 
perature, are shown. Generally, a battery has such a 
tendency that when the temperature becomes low, the 
electric power which can stably be discharged is low- 
ered. That is, when it is intended that a heavy current be 
allowed to flow at a low temperature, the voltage is low- 35 
ered. This diminution of the voltage means in the 
present embodiment that the voltage to perform the 
control of each device is lowered, and it may become 
impossible to operate the first and second motor gener- 
ators 26, 28, the engine 1 0, or the like. Accordingly, at a 40 
low temperature, it is determined and stored that as 
shown in the figure, the upper limit value Pout-s of the 
discharging electric power becomes small as the tem- 
perature becomes low. In the control CPU 56. the elec- 
tric power of discharge is determined in the range where 45 
it does not exceed this upper limit value, and on the 
basis of this, the inverters 52, 54 and the like are con- 
trolled. Furthermore, when the charge is performed at a 
low temperature, if a heavy current is allowed to flow, 
the terminal voltage of the battery 50 is raised. If this so 
voltage exceeds the withstand voltage of other circuit 
parts such as a capacitor, this part may be broken in 
some cases. Therefore, for protecting the circuit parts, it 
is determined and stored that a heavy current is not 
allowed to flow at a low temperature, and that the upper ss 
limit value Pin-s of the electric power of charge 
becomes small as the temperature becomes low. Then, 
in the control CPU 56, the electric power of charge is 



determined in the range where it does not exceed this 
upper limit value, and on the basis of this, the inverters 
52, 54 and the like are controlled. 
[0023] It is known that when the temperature of a bat- 
tery becomes high, the degradation of the battery is 
accelerated. Therefore, as shown in Fig. 3, it is also 
determined that the upper limit values Pin-s, Pout-s of 
the charging and the discharging electric power become 
small as the temperature becomes high at a high tem- 
perature, and it is stored in advance. The upper limit 
value is gradually made small because the heating of 
the battery by the Joule's heat generated during the 
charge and discharge is considered, as is the delaying 
of the time of reaching the upper limit temperature 55°C 
of the present embodiment. Furthermore, charge effi- 
ciency decreases when the temperature is high, and 
this decreasing area further adds reaction heat , which 
may, in turn, further raise the temperature. Furthermore, 
if the charging and the discharging electric power is 
made to be 0 suddenly at the time when the tempera- 
ture has reached the upper limit temperature, the con- 
trol becomes discontinuous and the occupant may feel 
a physical disorder during the running of the vehicle, 
and therefore, the upper limit value is made small more 
than enough. 

[0024] Furthermore, the upper limit values Pin-s, 
Pout-s of the charging and the discharging electric 
power are determined to be constant values on the 
basis of the withstand voltage of circuit parts or the like 
at a middle range temperature. 

[0025] In Fig. 4, the upper limit values Pin-c, Pout-c of 
the charging and the discharging electric power which 
are determined according to the charge level of the bat- 
tery, are shown. When the charge level becomes small, 
the degradation of the battery because of the over dis- 
charge is accelerated, and further, in a nickel hydrogen 
battery, hydrogen may be generated. Furthermore, in 
the present embodiment, since the start up of the 
engine 10 is performed by the first and second motor 
generators 26, 28, it is necessary to ensure the charge 
level needed for this at all times. Therefore, in the 
present invention, it is so arranged that if the charge 
level becomes, for example, 20% or less, the upper limit 
value Pout-c of the discharging electric power is made 
smaller so that further lowering of the charge level may 
be restrained. Furthermore, the reason why the upper 
limit value Pout-c of the discharge is gradually made 
smaller after the charge level has fallen below 20% as 
shown in the figure, is that if this value is suddenly 
changed, the control becomes discontinuous in some 
cases and the occupant may feel physical discomfort 
during vehicle operation. 

[0026] Furthermore, if the charge level is increased, a 
lowering of charge efficiency, heat evolution, or the like 
arises. In order to restrain this, in the present embodi- 
ment, if the charge level exceeds, for example, 80%, the 
upper limit value Pin-c of the charging electric power is 
made smaller so that the charge may be restrained. 
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Furthermore, the upper limit value Pin-c of the charge 
may gradually be made smaller after the charge level 
has exceeded 80% as shown in the figure because, if 
this value is suddenly changed, the control becomes 
discontinuous in some cases and the occupant may feel 
a physical disorder during the running of the vehicle. 
[0027] Furthermore, in a range other than that men- 
tioned above, that is, in a range where the charge level 
is 20% or more during discharge and in the range where 
the charge level is 80% during charge, the upper limit 
values Pin-c, Pout-c of the electric power of charge and 
discharge are determined to be constant values fixed by 
the withstand voltage of the circuit or the like. 
[0028] In Figs. 5A and 5B, the upper limit value Pin-ii 
of the charging electric power determined by consider- 
ing the heat evolution by the charge is shown. When 
compared at the same charge level, the charge effi- 
ciency when the temperature of a battery is high, is 
lower than that when the temperature is low, and there- 
fore, the heat evolution is also larger when the tempera- 
ture is high. Accordingly, if the temperature of the 
battery is high, a heat evolution arises, and the temper- 
ature of the battery may suddenly rise. In order to avoid 
such a sudden temperature rise, it is arranged that, if 
the temperature of the battery is low, a heat evolution to 
some extent is allowed while, on the other hand, if the 
temperature of the battery is high, the heat evolution is 
restrained. That is, as shown in Fig. 5A, when the tem- 
perature of the battery is a low temperature, for exam- 
ple, 25°C, the upper limit value Pin-n is determined so 
that a large charging electric power can be ensured up 
to a point near the upper limit, 80% of the charge level. 
Furthermore, as shown in Fig. 5B, when the tempera- 
ture of the battery is a high temperature, for example, 
45°C, the upper limit value Pin-T| is lowered so that the 
electric power of charge may be restrained from a com- 
paratively low charge level. Furthermore, actually, such 
setting of the upper limit value as shown in Figs. 5A and 
5B are performed at some temperatures other than 
25°C and 45°C. Then, the graph at a temperature which 
is most adjacent to the detected temperature of the bat- 
tery, is selected and the upper limit value of the electric 
power of charge at that moment is determined. Thus, 
the upper limit value Pin-n of the charging electric 
power is determined as a dual function in which two of 
the temperature of the battery and the charge level are 
variables, and consequently, a control of charge in con- 
formity with the state of the battery at that time is per- 
formed. Furthermore, it is also possible during the 
discharge that the upper limit value Pout-T| of the dis- 
charging electric power is similarly determined as a dual 
function in which the temperature of the battery and the 
charge level are variables, and on the basis of this, the 
control is performed. 

[0029] Furthermore, it is also possible that the control 
be performed by using, as the upper limit value at that 
moment, the upper limit value which is smallest among 
the upper limit values Pin-s, Pout-s determined from the 



temperature of the battery, the upper limit values Pin-c, 
Pout-c determined from the charge level, and the upper 
limit values Pin-i], Pout-ii determined from the tempera- 
ture of the battery and the charge level. 

5 [0030] Furthermore, in some cases, an equalizing 
charge is performed, in which the charge is intentionally 
performed even if the charge level is a high level of 80% 
or more, for equalizing the charge level of each battery. 
In this case, the charge is performed by determining, as 

10 the upper limit value, the value which is smaller between 
the upper limit values Pin-s, Pout-s determined from the 
temperature of the battery and the upper limit values 
Pin-c, Pout-c determined from the charge level. This is 
because it is considered that if the upper limit values 

is Pin-Ti, PouMi are also adopted, the charge may not be 
performed when the charge level is 80% or more, as 
shown in Figs. 5A and 5B. 

[0031] As mentioned above, in the present embodi- 
ment, the control CPU 56 functions as a charging and 
20 discharging electric power limiting means or a charging 
and discharging electric power limiter which controls the 
charging and the discharging electric power so that it 
may not exceed the upper limit value of the charging 
and the discharging electric power. 
25 [0032] As described above, according to the present 
embodiment, by performing a control corresponding to 
the environment of temperature of a battery and the 
state of charge of the battery, it can be achieved that, 
while the degradation of the battery is avoided, the 
30 occupant does not feel any physical discomfort in the 
running performance of a hybrid electric vehicle. 
[0033] Furthermore, in the present embodiment, the 
description has been given by showing a battery 
mounted on a hybrid electric vehicle, as an example, but 
35 the present invention can be applied to a battery of any 
purpose. Furthermore, it can be applied to not only a 
nickel metal hydride battery of the present embodiment 
but also a lithium ion battery, a nickel cadmium battery, 
a lead-acid battery, and the like. 
40 [0034] The charge and discharge are performed by a 
proper electric power corresponding to the service envi- 
ronment of a battery and the state of the battery. When 
the temperature of the battery is not more than a speci- 
fied temperature, or not less than another specified tem- 
45 perature, the upper limit value Pin-s of the charging 
electric power and the upper limit value Pout-s of the 
discharging electric power are determined so as to be 
smaller than those at a normal temperature. The tem- 
perature of the battery is detected, and the charging 
so electric power and the discharging electric power are 
determined so that they may be not more than the upper 
limit values Pin-s, Pout-s of the charging and the dis- 
charging electric power at this temperature, and the 
charge control of the battery is performed. 

55 

Claims 

1 . A secondary battery charge and discharge control- 
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ler comprising: 

a temperature detecting means for detecting 
the temperature of said secondary battery; and 
a limiting means for controlling the charging 5 
and the discharging electric power so that the 
charging and the discharging electric power 
may not exceed a previously determined first 
upper limit value of the charging and the dis- 
charging electric power which changes accord- w 
ing to the temperature, in a case where said 
detected temperature is a first predetermined 
temperature or less. 

The secondary battery charge and discharge con- is 
troller according to claim 1, wherein said limiting 
means controls the charging and the discharging 
electric power so that the charging and the dis- 
charging electric power may not exceed the upper 
limit value which is lower between a previously so 
determined second upper limit value of the charg- 
ing and the discharging electric power which 
changes according to the temperature, and said 
first upper limit value of the electric power of charge 
and discharge, in a case where said detected tern- 2S 
perature is a second predetermined temperature or 
more. 

The secondary battery charge and discharge con- 
troller according to claim 2, 30 

further comprising a charge level detecting 
means for detecting the charged level of said 
secondary battery, 

wherein said limiting means controls the charg- 35 
ing and the discharging electric power so that 
the charging and the discharging electric power 
may not exceed the upper limit value which is 
lowest among a previously determined third 
upper limit value of the charging and the dis- 40 
charging electric power which changes accord- 
ing to said detected charge level, said first 
upper limit value, and said second upper limit 
value. 

45 

The secondary battery charge and discharge con- 
troller according to claim 3, wherein said limiting 
means controls the charging and the discharging 
electric power so that the charging and the dis- 
charging electric power may not exceed the upper so 
limit value which is lowest among a previously 
determined fourth upper limit value of the charging 
and the discharging electric power according to 
said detected temperature and said detected 
charge level, said first upper limit value, said sec- ss 
ond upper limit value, and said third upper limit 
value. 



5. A secondary battery charge and discharge control- 
ler comprising: 

a temperature detecting means for detecting 
the temperature of the secondary battery; and 
a limiting means for controlling the charging 
and the discharging electric power so that the 
charging and the discharging electric power 
may not exceed a previously determined upper 
limit value of the charging and the discharging 
electric power which changes according to the 
temperature, in a case where said detected 
temperature is a predetermined temperature or 
more. 

6. A secondary battery charge and discharge control- 
ler comprising: 

a temperature detecting means for detecting 
the temperature of the secondary battery; 
a charge level detecting means for detecting 
the charge level of the secondary battery; and 
a charge and discharge electric power limiting 
means for controlling the charging and the dis- 
charging electric power so that the charging 
and the discharging electric power may not 
exceed a previously determined upper limit 
value of the charging and the discharging elec- 
tric power, according to said detected tempera- 
ture and said detected charge level. 

7. The secondary battery charge and discharge con- 
troller according to claim 4, wherein said controller 
has an equalizing charge function for equalizing 
each charge level for a plurality of secondary bat- 
tery cells, 

wherein said limiting means controls the charging 
and the discharging electric power so that the 
charging and the discharging electric power may 
not exceed the upper limit value which is lowest 
among said first upper limit value, said second 
upper limit value, and said third upper limit value, 
during said equalizing charge. 

8. The secondary battery charge and discharge con- 
troller according to any one of claims 1 to 7, being 
mounted on a hybrid electric vehicle which has a 
heat engine and an electric motor as driving 
sources and which charges the secondary battery 
with at least either of the electric power generated 
by a part of the output of the heat engine or the 
regenerative electric power during the braking. 
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(54) Secondary battery charge and discharge control device 

(57) The charge and discharge are performed by a 
proper electric power corresponding to the service envi- 
ronment of a battery and the state of the battery. When 
the temperature of the battery is not more than a speci- 
fied temperature, or not less than another specified tem- 
perature, the upper limit value Pin-s of the charging 
electric power and the upper limit value Pout-s of the 
discharging electric power are determined so as to be 
smaller than those at a normal temperature. The tem- 
perature of the battery is detected, and the charging 
electric power and the discharging electric power are 
determined so that they may be not more than the upper 
limit values Pin-s, Pout-s of the charging and the dis- 
charging electric power at this temperature, and the 
charge control of the battery is performed. 
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